Purpose: Dosimetric accuracy is critical when switching a patient treated with stereotactic body radiation therapy (SBRT) or stereotactic fractionated radiotherapy (SRT) among beam-matched linacs. In this study, the dose delivery accuracy of volumetric modulated arc therapy (VMAT) plans for SBRT/SRT patients were evaluated on three beam-matched linacs. Modulation complexity score of the VMAT plan (MCSv) was used as a plan complexity indicator. Doses were measured using ArcCHECK™ and GafChromic™ EBT3 films.
| INTRODUCTION
In any high-volume/high-throughput clinical center switching patients among available linacs can be very convenient and highly desirable. Small fields are often used in lung SBRT and brain SRT for delivering escalated dose to the target while limiting the toxicity of critical structures. 6 As suggested by Institute of Physics and Engineering erence field size to normalize the diode against the CC13 ion chamber measurements following the "Daisy-chain" approach in eq. (1).
Measurements for output factor of specific field size were repeated three times with diode and ion chamber to evaluate the consistency of MU delivery and detector measurements.
MLC leaf transmission (average of the intraleaf and interleaf leakage) was measured using PTW (Feiburg, Germany) N31003 farmer chamber placed at 100 cm source to axis distance and 1. . Based on the location of brain tumor, VMAT plans used either multiple non-coplanar arcs (e.g., one full arc and one vertex with couch kick) or multiple coplanar partial arcs (e.g., two to four partial arcs for posteriorly located targets), with jaw sizes ranging from 1.6 × 3.0 cm 2 to 3.7 × 4.6 cm 2 . All the VMAT plans were measured using ArcCHECK ™ cylindrical diode array system (Sun Nuclear, FL, USA) and Gafchromic™ EBT3 films (Ashland Inc., NJ, USA). The films were placed in the acrylic film holder specifically designed for ArcCHECK [ Fig. 1(a) ]. Films used for VMAT planar dose measurements and absolute dose calibration were from the same lot and scanned in the same portrait orientation with 300 dpi (dots per inch) resolution. ArcCHECK and film measurements were compared with the TPS calculated planar doses through absolute dose gamma comparison using 3%/2 mm and 2%/2 mm criteria. Point doses were measured and used as another independent verification of absolute dose. The Extradin A1SL (Standard Imaging, Inc., WI, USA) micro ion chamber of 0.053 cm 3 volume was placed in the middle of the acrylic insert inside the ArcCHECK [ Fig. 1(b) ].
Differences in gamma passing rates of ArcCHECK measurements and point dose measurements among three linacs were analyzed using one-way ANOVA. ArcCHECK and ion chamber measurements were repeated on three different days at all three linacs to evaluate the measurement uncertainty. A P-value less than 0.05 was considered statistically significant.
The modulation complexity score of VMAT (MCSv) was applied to evaluate the plan complexity degree of a VMAT plan. 19, 20 MCSv ranges from 0 to 1, and it approaches 0 for increasing degree of VMAT plan modulation. The correlation between difference in passing rates of each plan among matched linacs and its modulation complexity was evaluated using Pearson correlation coefficient.
| RESULTS
The variation in repeated output factor measurements using diode and ion chamber for three beam-matched linacs were all within ±0.4% of the average. Differences in beam output factors of 2 × 2 cm 2 to 30 × 30 cm 2 field sizes among three beam-matched linacs were all less than 1% ( Table 1 ). The maximum difference in output factor was 1.3% which was the difference in output factor of 1 × 1 cm 2 field size between linac 1 and 3. Differences in PDD 10 and MLC leaf transmission factors among three linacs were all less than 0.6% (Table 2) were all higher than 95% and 90% using 3%/2 and 2%/2 mm gamma criteria, respectively [ Fig. 3(a) ]; while passing rates of film measurements were all higher than 90% using 3%/2 and 2%/2 mm gamma criteria [ Fig. 3(b) ]. There was small difference in passing rates of Arc-CHECK measurements among three linacs while either using 3%/ 2 mm criteria (P > 0.05, one-way ANOVA) or 2%/2 mm criteria (P > 0.05, one-way ANOVA). Linac 1 and 3 demonstrated the maximum difference in passing rates of ArcCHECK measurements and ion chamber measurements among the group (Table 4) . As demonstrated in Table 4 , the average difference in absolute point doses between ion chamber measurements and TPS calculations was −1.5 ± 0.8% indicating lower measurements compared to TPS calculations. The average difference in point dose measurements among three matched linacs was 0.1 ± 0.5% (P > 0.05, one-way ANOVA).
However, none of these differences was statistically significant.
MCSv of all VMAT plans ranged from 0.34 to 0.57. The correlation coefficients for the difference in passing rates of ArcCHECK, film and ion chamber measurements among three linacs and MCSv were 0.15-0.24, 0.14-0.26, and 0.11-0.22, respectively (Table 4) .
| DISCUSSION
The average difference in measurements of beam profile, output factor (except for 1 × 1 cm Beam of 1 × 1 cm 2 field size for 6 MV is considered as very small field size. 8 Even with stereotactic detectors, careful detectorphantom setup and detailed dose corrections, one might still find more than 10% discrepancies among the measurements of very small fields (<1 cm in diameter). 18 The major perturbations were caused by the volume averaging effect and the difference between the mass density of the detector and that of the medium. 9 Studies have reported that the effect of volume averaging for detectors up to 3 mm in size was only noticeable at field sizes of less than 8 mm. 9, 21 The Edge detector can minimize the volume averaging effect for output measurements of beams with very small field sizes. In addition, the detector has a comparatively high sensitivity, and results in lower signal noise or standard deviation of signal. Then, . Kairn et al. 14 small fields, this is actually compensated by an opposing overresponse or under-response, respectively, in the profile tails. 22 As a result, by using the same detector, integral dose measurement of a VMAT plan of small field might not need additional output correction factors. 8, 22 Gersh et al. reported that, for lung SBRT using VMAT plans, mean doses to the target and normal structures using beam models measured with CC13 ion chamber and Edge detector were all within 1%. 23 In this study, all passing rates of film measurements were higher than 90% indicating accurate beam modeling and dose delivery.
Average passing rates of film measurements were lower than those 
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